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NOTICE!

This report wos prepared for use within General Electric Company in the course
of work under Atomic Energy Commission Contract AT—(45-1)=1350, and any
views or opinions expressed in the report are those of the authors only, This report
is subject to revision upon collection of additional data.

LEGAL NOTICE

This report was prepared os an account of Government sponsored work. Meither the United States,
nor the Commission, nor any person acting on behalf of the Coammission:

A. Makes any warranty or representation, express or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

B, Assumes any liobilities with respect to the use of, or for damages resviting from the yse of
any information, cpparatus, methed, or process disclosed in this report, .

As used in the above, “person acting on behalf of the Commission” includes any employee or
contractor of the Commission to the extent that such employee or contractor prepares, handles or distrib-
utes, or provides access to, any information pursuant to his employment or contract with the Commission.
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FOR THE 1301-N CRIB

IRTRODUCTION

by
D. J. Brown

The 1301-X crib; locsted in the ncrthern pert of 100-N erea and approximate-

1y 800 feet from the Cclumbia River (Figure 1), will receive liquid radicactive

waste from the primary ccelent loop of the N-reactor.

t is expected that this

waste atream will contain activation products and alsc fission products fronm

Tailed fuel eizmenis.

In 1952 a cursory study of the hydraulics of the erib flow system was com-

(1,2}

pleted '™’ 7. Results of the study showed that a minimam travel time of 11 days

was required for iiguid waste to infiltrete intoc the ground beneath the crib,

to move through the sediments, and eventually to enter the Columbia River. Asso-

ciated with the minimum travel time value was a safety facltor, estimated to be

from five to wen, which was attributable mainly to the assumption of a very high

s0il permeability. The minimum travel time is epplicable to the movement of only

& relatively smell percentage of the total waste flow leaving the 1301-N crib.

Approx 1mately Q0 percent of the waste entering this cridb will follow significantly

longer flow paths to the river and, therefcre, will have a longer travel time¥

Questions were posed recently concerning the springs which will ultimately

develop along the riverbank from continued use of the 1301-N crib.

As these

springs develop with time, the finer sediments will be winnowed out to produce

*HW-81?06 - Anslysis of Waste Released by Seepage to the Columbla River from tbe

1301-¥ Crib, R. William Nelson.

Aprit, 196k,
-2e
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FIGURE 1
Map Showing Relative Location Of 100-N and 100-H Areas
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channels of relatively high permeability. It is desirable to show the relaticn-
ship between such chamnels and the calculated minipum travel time. Since the
1301-N crib is not in operation, a field-scale test at the 100-N site is not
practicable. It is possible, hcowever, to arrive at a satisfactory answer to
this questicn by anaiyszing the existing flow system &t a location where the
underlying sediments have simller hydreulic cheracteristics, where wastes have
been discharged into the ground over a long periodlbf time, and where springs
have developed +to meturity. An snalogy between the actual and calculated travel
times at that location ana the similarly-calculated travel time for the 1301-H
crib should yield an accurate safety factor (and actual travel time) For the
latter facility. In this instance an isotobe tracer technigue was used tc de-
termine the actual flow time for wastes entering the soil beneath a leaking re-
tention basin at 100-H area and emerging as surface springs at nearby riverbank
locations. Also presented is a brief description of the method used for calcu-

lating the minimum flow time.

SUMMARY AND CONCLUSIONS

Surface springs will probably develop along the riverbank at 100-)V area as
a result of the continued operation of the 1301-N crib., Although the calculated
minimum travel time for waste to move from the crib to the river is about 12
days, the actual minimum travel time, based on a compsrable study at 100-H area,
will probably be close to 96 days. It is also concluded that there will be no
appreciable change in the travel time due to the eventual development of springs

along the riverbank.
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DISCUSSION

Derivation of Minimum Flow Time

The method used to calculate the minimum flow time is referred to in this
report as "streamline analysis." TFlow time was cbtained through an appropriate
integration cf the velociiy along the shortest flow rath from the crib to the
river. e shortest flow path (streamiine) was obtained from a two-dimensional,
conductance-paper analog representative of the flow system in a vertical plane
from the crib to the river. A network of eguipotential lines and streamlines
was determined by applying appropriate electrical potentials (analogous to fluid
heads) at various points on the model and by simulating the boundary conditions
of the flow system. The travel time along the shortest streamline was determined
by using Darcy's equation in the form:

P
T = 1—{(1¢)

where T is the total itravel time from the crib to the river, p is the assumed
soil porosity, k is the assumed so0il pprmeability, and l¢ is the length of the
shortest streamline calculaeted as a function of the potential change along the
path of the streamiine. l¢ can be expressed as:

i=n
),
:1_13-—

i

g

where 1 is an incremental length along the shortest streamline, A¢ is the change
in potential over ithe incremental lengtih, and n is the number of increments.

For all of the calculated travel times in this report, the porosity was

UNCLASSTFTED
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chosen as 30 pertent and the permeability as 270 feet per day (2000 gal/ril/day).
This permeability value is recognized as being somewhat high for soils {typical

of the 100 areas.

100-H Arsa Test Site Eveluation

Sevreral lo:xetions exist along the course of the Columbia River on the Hanford
Project where springs have developed in consecuence tc discharging waste water to
ground. Fazh of these locations was considered as a possible test site at which
an analogy could be made to the 1301-N crib ;i,e. The site seliected as having
the most similar conditions is located in the 100-H area {(Figure 1).

Drilling logs of wells constructed in the 100-N and 100-KE areas show a strik-
ing simiiar ity of sediments. Both areas are underlain by a bed of glacicfluviatile
sand and gravel 60 to 100 feet thick. Beneath this blanket of coarse materials is
an extensive depo=zit of fine silts and clays which make up part of the Ringold
Formation. For the purpose of this study the silt and clay deposit was taken to
be the bottcm of the free ground water aguifer. Mechanical size analyses of
sediment samples taken frcm wells in both areass show that the glaciofluviatile
depcsit is made up of from 80 tc 85 percent sand and gravel; the remaining 15
to 20 percent is predominantly silt., The silt and clay content in 100-N area 1s
slightly higher than in 100-H area. Data from & regional study of The sedimenis
underlying these two areas indicate that the cation exchange capacity in 100-N

(3)

area is slightly higher than in 100-H . This is directly related to the higher
(3,4)

silt and clay content at 100-N The glaciofluviatile deposits beneath these

UNCLASSIFIED
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two areazs consist of the same kinds of rcck fregmerts known tc have been laid dowm
at the same time under identical exvircnmental cenditions. On this basis, and the
fact that the.mechanical analyses show the same particle-size disiribution at both
sites, it is believed that the perﬁeabilities at both sites are spproximately equal.
Figure 2 is a cross section constructed thrcugh a pertion of the 100-H area,
and normzl 1o the Columbia River, showing the pcsition of the leaking retention
basin. Also shown on this cross section is the approximate position where seep-
age springs have developed as a result of leakage from the retention basin. Super-
impcsed on the section is a network of streamlines and equipotential lines, de-
termined Trom the condustance peper analog, and a graphic representation of the
kinds of soil present at this site. The shortest streamline is designated and
the value of the calculated travel time is given. PFigure 3 is a photograph of

this same site showing the retention basin, the springs, and the line of the
section constructed in Figure 2. Steam can be seen rising from the retention
basin and the seepage face along the bank of the river.

A tracer technique was used to determine the actual travel time of the waste
cooling water from the time it leaves the basin until it reappears at a spring.

The tracers selected for this study were 1131

and 1533, These isotopes are
present in low concentrations in the waste cooling water, and they have the
s oa . ] N . . 131 133
characteristic of not being adsorbed by the soil. The ratios of I to 1
concentrations in weter samples collected from the retention basin and springs

showed the actual travel time to be six and one-half days. This indicates a

safety factor of 8 in the calculated travel time (0.8 days) determined from the

UNCLASSIFIFD
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analeg model study. In major part, this facior of safety is probably due to the

true permeability being less than that vhick was assumed,

Trevel Time Evaluation for the 1301-N Crib

A streamline analysis was made also of the 1301-N crib to determine the mini-
myn waste travel time from the erib to the Columbiz River. An analog mocel of the
ficw system which is expected to develop ultimately at this site was constructed,
and ithe fath of the shortest sireamline was measured. A minimum calculated travel
time of 12 days was determined from eveluation of the 1301-N crib analog, using
the same porosity and permeability values as were used in the 100-H area flow
system evaluation. This confirms the results obtained and reported previously(e).
Figure b is a cross section through the 1301-N erib, and normal to the Columbia
River, showing the location of the shortest streamline in the flow system and
‘the value of the calculated travel time along that streamline. The positions
at which riverbank springs are likely %o occur are also shown on this section.
Figure 5 is a photograph of the riverbank at 100-N area showing the seepage line
where springs will likely develop. As the river stage changes thioughout the
year, the position of this seepage line will also chenge., A graph was prepared
(Figure 6) summarizing the data from the three different flow systems, to show how
the minimum travel time is affected by the change in river stage. The caliculated
minimum travel time of 12 days was determined for a flow system developed under
low river stage {maximum ground-water flow rate) conditions. The safety factor
of 8, determined for the minimum travel time calculation at 100-H area, can also

be applied to the travel time calculations made at 100-N area. This will result

in an actual minimum travel time of about 96 days.
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Travel Time as a Function of Spring Maturii
Y

Springs normally occur when the water table intersects the ground surface.
Where springs issue from sedimentary deposits there is a tendency for the water
tc winnow the Tine-grained sediments from the coarser ones tc produce zones of
high permeability. As these zones develop, the time reyuired for ground water
to move from a particular place to the surface is reduced. Results of the evalu-
ation at the 100-H arsa show that actual travel time is significantly longer (8
times 1onger) than the travel time computed by the streamline analysis metvhod.
It is reasonable to assume that the springs which will appear at the 1301-N
crib site, where similar soil conditions exist, will not develop to the pcint
that the permeability will be appreciabiy different than that at 100-H area.
The calculated minimum travel time to the rdiver from the 1301-N crib (12 days),
therefore, more than compensates for the possibility of an inerease in permea-

bility due to ground water channeling and the eventual development of springs.
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